Litoria nannotis is an endangered waterfall frog from the wet tropics region in north Queensland that has suffered significant population declines due to the emerging fungal disease known as chytridiomycosis. The species has two deeply divergent lineages, and we used 454 shotgun sequencing of DNA extracted from one individual of the northern lineage to identify and design PCR primers for 576 microsatellite loci. Thirty markers were tested for amplification success and variability in a population sample from each lineage. Of these, 17 were found to be polymorphic in the northern lineage and 10 loci were polymorphic in the southern lineage. Numbers of alleles per locus ranged from 2 to 14 (mean = 6.47, s.d. = 4.02) for the northern lineage (17 polymorphic loci), and from 2 to 8 (mean = 5.40, s.d. = 2.55) in the southern lineage (10 polymorphic loci). Levels of heterozygosity were high in both lineages (northern mean H E = 0.63, s.d. = 0.21, range = 0.27-0.89; southern mean H E = 0.57, s.d. = 0.25, range = 0.18-0.81). These loci will be useful in understanding the genetic variation and connectivity amongst populations of this species recovering from mass population declines due to disease.
The waterfall frog (Litoria nannotis) is an endangered species from the Australian Wet Tropics. High-elevation populations declined significantly in the early 1990s due to the emergence of the fungal disease known as chytridiomycosis caused by the fungus Batrachochytrium dendrobatidis (Berger et al. 1998 ), but lowland populations persisted (Richards et al. 1994) . L. nannotis is part of the torrent frog group, which comprises four species, two of which were feared extinct during the declines (Richards et al. 1994) . All species in this group seem to have a similar biology (Cunningham 2002) , and understanding population dynamics and potential gene flow between high and low elevations as well as between dry and wet forest sites is crucial when designing conservation strategies for these amphibians in this system. This species comprises at least two distinct lineages, a product of historical climatic shifts and expansions and contractions in their habitat (Schneider et al. 1998; Cunningham 2002; Bell et al. 2012) . Knowledge of current and recent historical population structure, gene flow and levels of genetic diversity is especially pertinent for L. nannotis, as some higher-elevation populations are showing some signs of recovery (Puschendorf et al. 2011 ).
We isolated genomic DNA (1 mg) from the liver of one individual L. nannotis from the northern lineage (16.466291 S, 145.152538 E, WGS84, 668 m elevation) using a DNeasy spin column tissue extraction kit (Qiagen) and following manufacturer's instructions. DNA was then sent to the Australian Genomic Research Facility in Brisbane, Australia, for shotgun sequencing on a Titanium GS-FLX (454 Life Sciences/Roche FLX) following Gardner et al. (2011) . The sample occupied 12.5% of a plate and produced 110 205 individual sequences, with an average fragment size of 314.2 (s.d. = 132.2). Raw sequences are available on DRYAD (doi: 10.5061/dryad.jd183; Meglécz et al. 2012) . We used the program QDD 1.3 (Meglécz et al. 2010) to screen the raw sequences for more than eight di-, tetra-or pentabase repeats, and to remove redundant sequences and design primers for PCR amplification of products of 80-480 base pairs (automated in QDD using Primer3: Rozen and Skaletsky 2000) . We identified 576 in silico microsatellite loci and ordered primer pairs for 30 of these. Initially, the loci were trialed for amplification success in eight individuals, four from each lineage using the Type-it microsatellite PCR kit (Qiagen). We performed C. Following visualisation by electrophoresis through a 1.5% agarose gel, loci exhibiting reliable amplification of a single product of expected size were assessed for polymorphism. We separated DNA fragments on a MegaBACE 1000 capillary sequencer and sized with GeneMarker 2.2 software (SoftGenetics) using a 400 base pair DNA ladder as an internal size standard.
For all polymorphic loci, forward primers were synthesised with a 5 0 flourescent tag: FAM (GeneWorks), NED, PET or VIC (Applied Biosystems). Loci were then screened for variation in 44 individuals from a single locality within the northern L. nannotis lineage (16.236250 S, 144.935690 E, WGS84, 959 m above sea level) and 40 individuals collected from a single locality representing the southern lineage (18.992422 S, 146.191184 E, WGS84, 742 m above sea level) ( Table 1) . We used the same PCR conditions and allele-scoring software described above, with allele binning to ensure consistent scoring across genotyping runs. Due to consistent differences in allele profiles among lineages, independent scoring panels were used for each lineage. Multiplex PCR combinations (Table 1) were later designed in silico with the aid of MULTIPLEX MANAGER 1.0 software (Holleley and Geerts 2009) , and tested using PCR conditions described above. Characteristics of each locus in each lineage are summarised in Table 1 . Data are presented for 19 loci that amplified consistently in the northern lineage, and similarly for 17 loci in the southern lineage. Basic summary statistics (number of alleles, observed and expected heterozygosities) were calculated in GENALEX 6.5 (Peakall and Smouse 2012) , which was also used to test for deviations from Hardy-Weinberg Equilibrium (HWE). Polymorphic Information Content values were calculated for each locus in CERVUS (Kalinowski et al. 2007) . Potential linkage disequilibrium (LD) between pairs of loci was investigated using GENEPOP 4.2 online, with 10 000 iterations (http://genepop.curtin.edu.au/) (Raymond and Rousset 1995; Rousset 2008) (Table 1) . P values from HWE and LD tests were adjusted for multiple tests of significance using the false discovery rate (FDR) correction and included in Table 1 . (Benjamini and Hochberg 1995) . We used MICROCHECKER 2.2.3 (Van Oosterhout et al. 2004) to check each locus for evidence of null alleles, scoring error due to stuttering, and large allele drop-out, using a 95% confidence level and 10 000 iterations.
In the northern lineage, 17 of 19 polymorphic loci conformed to HWE expectations and are considered suitable for population genetic studies (shown in bold in Table 1 ). In the southern lineage, 10 of 17 polymorphic loci met HWE expectations. Of those loci not in HWE, there was evidence for null alleles at locus Lnan15 in the northern lineage, and Lnan17 and Lnan25 in the southern lineage. There was no evidence of large allele drop-out at any locus. Following FDR correction, all loci were found to be inherited independently (north, P > 0.002, FDR = 0.0003; south, P > 0.02, FDR = 0.0006). Overall, the markers exhibit high levels of polymorphism in northern and southern L. nannotis lineages suitable for studies of relatedness, population genetic structure and connectivity. For polymorphic loci also in HWE, numbers of alleles per locus ranged from 2 to 14 (mean = 6.47, s.d. = 4.02) for the northern lineage (17 polymorphic loci), and from 2 to 8 (mean = 5.40, s.d. = 2.55) in the southern lineage (10 polymorphic loci). Levels of heterozygosity were high in both lineages (northern mean H E = 0.63, s.d. = 0.21, range = 0.27-0.89; southern mean H E = 0.57, s.d. = 0.25, range = 0.18-0.81). Overall, the markers exhibit high levels of polymorphism in northern and southern L. nannotis lineages suitable for studies of relatedness, population genetic structure and connectivity.
These markers will be used to document patterns of gene flow, population structure and genetic diversity in L. nannotis and to investigate their recovery from the amphibian population declines linked to chytridiomycosis documented since the early 1990s (Berger et al. 1998) . More recently, high-elevation populations seem to be recovering, and larger, seemingly healthy populations have been described in the western slopes of the wet tropics region, including one sister species, Litoria lorica, which was previously thought to be extinct (Puschendorf et al. 2011) . How these populations are interconnected, and the source of the recovering populations, are key aspects of frog conservation in this region.
